Objective: Given its effects on lipid metabolism, the apolipoprotein A1-C3-A5 (APOA1-C3-A5) gene cluster is thought to play an important role in ischemic stroke pathogenesis. Here, we evaluated whether the APOA1-C3-A5 cluster is associated with ischemic stroke in the northern Chinese Han population. Methods: This case-control study analyzed 812 patients with ischemic stroke and 844 healthy controls with regard to four APOA1-C3-A5 cluster promoter single nucleotide polymorphisms (SNPs), rs670, rs2854116, rs2854117, and rs662799, using the SNaPshot Multiplex sequencing assay. Potential associations among ischemic stroke, genotyping, and allele frequencies were assessed. Results: APOA1 rs670 CT/TT genotypes, APOA5 rs662799 AG/GG genotypes, and the APOC3 rs2854116 CC genotype were associated with an increased risk of ischemic stroke according to multivariate logistic analysis after adjusting for confounding factors. A significantly increased risk for ischemic stroke was also identified among high-risk haplotypes (C-C-T-A and T-T-C-A) for rs670-rs2854116-rs2854117-rs662799. Conclusion: This study showed that rs670, rs2854116, and rs662799 SNPs of the APOA1-C3-A5 cluster are associated with ischemic stroke in the northern Chinese Han population.
Introduction
Stroke is a leading cause of death worldwide. 1 Ischemic stroke, which is the most common form, occurs as a result of local cerebral ischemia caused by an obstruction within a brain-supplying blood vessel. Ischemic stroke is a complex disease that involves many risk factors, including genetic variants and environmental factors. The search for the genetic factors that increase ischemic stroke risk may facilitate the development of novel and effective approaches to identify high-risk groups. However, we have identified only a few single nucleotide polymorphisms (SNPs), such as rs5128 in Apolipoprotein C3 (APOC3), 2 rs266729 in adiponectin (ADIPOQ), 3 and rs2108622 in cytochrome P450 family 4 subfamily F member 2 (CYP4F2), 4 that are associated with susceptibility to ischemic stroke in large-scale genome-wide association studies. [5] [6] [7] Dyslipidemia often occurs in patients with ischemic stroke. Lipids and lipoproteins have been traditionally associated with atherosclerosis in carotid arteries, which is the leading cause of ischemic stroke. Atherosclerosis often begins with an endothelial injury that makes the endothelium susceptible to the accumulation of lipids and the deposition of thrombus. The apolipoprotein A1-C3-A5 (APOA1-C3-A5) gene cluster on chromosome 11q23 (Apo11q) is among the most well-characterized regions of the human genome because of its dynamic association with plasma lipids and lipoproteins. Moreover, its associated haplotypes are highly informative genetic markers in diseases related to hyperlipidemia. Four promoter SNPs, rs670, rs2854116, rs2854117, and rs662799 in the APOA1-C3-A5
cluster are strongly associated with dyslipidemia through their influence of triglyceride (TG) and very lowdensity lipoprotein levels. [8] [9] [10] Because dyslipidemia is an important risk factor for ischemic stroke, the genes involved in dyslipidemia might be candidates for assessing ischemic stroke susceptibility. Although individual genetic variants within the Apo11q gene cluster have been independently associated with ischemic stroke in some studies, [11] [12] [13] researchers drew different conclusions and no studies have been able to establish a direct association between haplotypes and the risk of ischemic stroke. Owing to the functional and positional relevance, it is necessary to examine the entire APOA1-C3-A5 cluster as a whole.
We performed a hospital-based casecontrol study of 812 patients with ischemic stroke and 844 control participants. We analyzed the relationship between ischemic stroke and four SNPs (rs670, rs2854116, rs2854117, and rs662799) in the promoter of the APOA1-C3-A5 cluster in the northern Chinese Han population.
Discussion
The present study evaluated the association between ischemic stroke risk and four functional polymorphisms within the promoter region of the APOA1-C3-A5 cluster among a northern Chinese Han sample of 812 ischemic stroke cases and 844 controls. Our findings suggest that the rs670 CT/TT genotypes in APOA1, the rs662799 AG/GG genotypes in APOA5, and the rs2854116 CC genotype in APOC3 are associated with an increased risk of ischemic stroke. Furthermore, we identified a significantly increased risk of ischemic stroke among the high-risk haplotypes (C-C-C-A and T-T-C-A) for rs670-rs2854116-rs2854117-rs662799. To the best of our knowledge, this study is the first to describe the role of the APOA1-C3-A5 cluster promoter SNPs with regard to the prevalence of ischemic stroke. Moreover, it is also the first to conduct a haplotype analysis of the northern Chinese Han population.
Previous studies have demonstrated that the SNPs located in the APOA1-C3-A5 cluster are associated with metabolic syndrome, insulin resistance, and cardiovascular disease in several ethnic populations. The APOA1-C3-A5 cluster has also been associated with dyslipidemia in many studies. 9, [14] [15] [16] In a Taiwanese population, the haplotype containing the minor alleles of APOA5 rs662799 and APOA1 rs670 was more prevalent among cases than controls and was significantly associated with the risk of hypertriglyceridemia, 17 whereas APOA5 rs662799 had a significant and independent effect on serum TG concentrations in a Japanese population. 18 Regarding the association of the APOA1-C3-A4-A5 cluster with metabolic syndrome, 19 a previous study showed that participants who carry the minor allele of APOA1 rs670 had an increased risk of developing metabolic syndrome compared with participants with the GG genotype. 8 A meta-analysis found that European and Chinese individuals with the C allele of APOA5 rs662799 were at a 33% and 40% increased risk of developing metabolic syndrome, respectively. Furthermore, APOA5 rs662799 was reported to interact with the environmental factors associated with metabolic syndrome. [19] [20] [21] The relationship between APOC3 promoter polymorphisms and a predisposition to insulin resistance has been underscored in a number of studies that identified variants rs2854116 and rs2854117 as having a greater likelihood of insulin resistance compared with wild-type. [22] [23] [24] [25] APOC3 promoter polymorphisms were also associated with coronary artery disease, 26 while APOA1 rs670 is a risk marker for coronary artery disease and myocardial infarction among the Indian 27 and Japanese populations, 28 respectively. Interestingly, the C allele of APOA5 rs662799 was previously associated with higher levels of TG and TG/high-density lipoprotein (HDL) cholesterol in coronary heart disease and with higher Gensini scores in women only, indicating some degree of gender specificity in the effect of genetic variation. 29 However, little was known about the interactions between APOA1- Abbreviations: BMI, body mass index; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein C3-A5 polymorphisms and ischemic stroke. Consistent with previous results regarding these functional SNPs, our findings suggest that T allele carriers of APOA1 (rs670), C allele carriers of APOC3 (rs2854116), and G allele carriers of APOA5 (rs662799) are associated with an increased risk of ischemic stroke The mechanism that underlies the associations between these genetic variants and ischemic stroke is unknown. Functional APOA1-C3-A5 SNPs mediate the widely replicated associations with hypertriglyceridemia and low HDL cholesterol; these SNPs have been studied extensively because they can alter the nuclear transcription factors that mediate apoprotein formation. 9, 10, 17, 30 However, previous reports found that rs662799 had no effect on relative luciferase expression, and no transcriptional factors mapped to this site. 31 Cui et al. 32 conducted experiments using human lung fibroblasts with a heterozygous genotype (rs2266788 CT) and confirmed the effects of microRNA 3201 binding to the APOA5 3 0 untranslated region and subsequent APOA5 expression.
Given previous knowledge about high linkage disequilibrium between rs2266788 and rs662799, we suppose that the effect of rs662799 variation on ischemic stroke is likely attributable to rs2266788 as a causal variant. Moreover, an increasing number of studies have demonstrated that APOA1-C3- A5 haplotypes affect TG and HDL cholesterol because they are in linkage disequilibrium. [8] [9] [10] 16, 20, 33 These findings suggest that some serum lipid parameters are partially influenced by interactions between ApoA1-C3-A5 haplotypes, and that these features together contribute to increased individual ischemic stroke susceptibility. APOA1-C3-A5 polymorphisms might enhance the conformation or function of the apoprotein related to hypertriglyceridemia, which might in turn explain why our participants were at a high risk of ischemic stroke if they were carriers of the T allele of APOA1 (rs670), the T allele of APOA3 (rs2854116), or the G allele of APOA5 (rs662799). Ding et al previously analyzed the influence of rs662799 on the serum lipid profile, and reported that it was correlated with TG levels, but not independently related with ischemic stroke risk in the studied Turkish subjects. 34 This discrepancy could reflect differences in geographical ethnic groups, genetic backgrounds, diseases, age, sample sizes, study design, or the selection pattern of samples between the two studies.
Our study has some shortcomings that should be recognized. First, its sample size was small, and in the absence of large-scale investigations into the role of APOA1-C3-A5 in ischemic stroke, it remains unclear whether our findings apply to other ethnic populations. Second, ischemic stroke is a complex disease, and the effects of multiple genes and environmental factors were not evaluated in the present study. Finally, our study should be considered preliminary and the results need to be confirmed in more detailed expression and translational studies.
In summary, we demonstrated that common variants of APOA1, APOC3, and APOA5 are associated with ischemic stroke, indicating that APOA1-C3-A5 variants significantly predict a high ischemic stroke risk. Furthermore, the APOA1-C3-A5 haplotypes significantly affect the risk of ischemic stroke among the northern Chinese Han population. Variations of these genes may serve as useful genetic markers to diagnose ischemic stroke. 
Materials and methods Samples

SNP selection
Well-studied or functional SNPs were selected based on previous studies that documented associations between SNPs in the Apolipoprotein APOA1-C3-A5 cluster and dyslipidemia or its components. These SNPs included APOA1 rs670, 8, 35 APOC3 rs2854116, 11,36-38 APOC3 rs2854117, [36] [37] [38] and APOA5 rs662799. 8, 37, 39 The minor allele frequency (MAF) of these four SNPs was > 0.05 in the Chinese Han population.
DNA extraction and genotyping
Genomic DNA was extracted from 200 mL of EDTA-anticoagulated peripheral blood using a DNA Purification Kit (Promega, Madison, WI, USA). DNA purity was measured via spectrophotometry, and DNA samples were stored at À80 C. Genotypes were analyzed using the SNaPshot Multiplex Kit (Applied Biosystems Co., Ltd., Foster City, CA, USA). The sequences of PCR primers are shown in Table 5 . SNaPshot reactions were performed in a final volume of 10 mL, including 5 mL of the SNaPshot Multiplex Kit (ABI), 1 mL of primer mix, 2 mL of water, and 2 mL of templates, which consisted of the multiplex PCR products for the different genes. The SNaPshot reaction procedures were as follows: initial denaturation at 96 C for 1 min, then 28 cycles of denaturation at 96 C for 10 s, annealing at 55 C for 5 s, and extension at 60 C for 30 s. Amplified samples were stored at 4 C. Extension products were purified over a 1-h incubation period with 1 U of shrimp alkaline phosphatase (Takara, Otsu, Shiga, Japan) at 37 C, followed by incubation at 75 C for 15 min to inactivate the enzyme. Purified products (0.5 mL) were mixed with 9 mL of Hi-Di and 0.5 mL of the Liz120 size standard (Applied Biosystems Co., Ltd.). Samples were incubated at 95 C for 5 min and then loaded onto an ABI 3130XL DNA sequence detector for capillary electrophoresis. Experimental results were analyzed using GeneMapper 4.0 (Applied Biosystems Co., Ltd.).
Statistical analyses
All statistical analyses were performed using Statistical Product and Service Solutions (SPSS) v20.0 if not otherwise specified. All tests were two-tailed, and significance was defined as P < 0.05. Pearson's 2 -test was used to compare the distribution of demographic variables and to examine the differences in risk factors and genotypes with regard to alleles and haplotypes between cases and controls. For each genotype, 
Results
We identified 812 patients with ischemic stroke and 844 controls. The general characteristics of these participants are summarized in Table 1 . No significant difference was found between controls and patients with regard to age or gender. However, a higher prevalence of conventional risk factors for ischemic stroke, such as body mass index (BMI), diabetes mellitus, hypertension, smoking history, and alcohol use, was observed among patients with ischemic stroke compared with the control group.
Genotype and allele frequencies of the four SNPs among patients and controls are shown in Table 2 . All allele distributions were consistent with Hardy-Weinberg equilibrium (HWE).
As shown in Table 2 , neither the genotype nor the allele frequencies of APOA1 rs670 differed significantly between patients and controls. However, compared with combined variant genotypes (CT þ TT), the rs670 TT genotype significantly increased susceptibility to ischemic stroke under a recessive genetic model (odds ratio [OR] ¼ 2.28, 95% confidence interval [CI] ¼ 1.52-3.44, P < 0.001; Table 2 ). Similar results were also found for the genotypes of APOA5 rs662799. Under a recessive model, the APOA5 rs662799 GG genotype was associated with a higher ischemic stroke risk (OR ¼ 1.91 (95% CI ¼ 1.35-2.69, P < 0.001; Table  2 ). Analyses of APOC3 rs2854117 and rs2854117 polymorphisms found no significant associations with ischemic stroke under any of the genetic models (Table 2) .
Additional analyses were performed using multiple logistic regression, and more significant results were found after adjusting for confounding factors. Using the lowest-risk genotype (APOA1 rs670 CC) as a reference, we identified a significantly increased risk for ischemic stroke among the high-risk rs670 genotypes CT and TT (adjusted OR ¼ 1.571, 95% CI ¼ 1.103-2.236, P ¼ 0.003 and adjusted OR ¼ 5.175, 95% CI ¼ 3.042-8.807, P < 0.001, respectively) ( Table 3) . The association between an increased risk of ischemic stroke and the homozygous variant APOA5 rs662799 GG genotype and the heterozygous variant AG was also significant (adjusted OR ¼ 1.435, 95% CI ¼ 1.065-1.934, P ¼ 0.004 for AG and OR ¼ 2.079, 95% CI ¼ 1.311-3.294, P ¼ 0.001 for GG) ( Table 3) . Compared with the APOC3 rs2854116 TT homozygote, the CC homozygote was associated with a significantly increased risk of ischemic stroke (adjusted OR ¼ 2.428, 95% CI ¼ 1.033-5.709, P ¼ 0.031) (Table 3) The four SNPs were in linkage disequilibrium in this sample (i.e., D' > 0.8 or r2 > 0.4). Of all possible haplotypes, only six showed a frequency of >0.03 among both cases and controls, and were included in the haplotype analysis. These six haplotypes represented 96.5% of the chromosomes of the cases and 95.2% of those of the controls. No difference was observed in the overall haplotype distribution between cases and controls. Haplotype analysis revealed that the frequencies of the C-C-T-A and T-T-C-A haplotypes of rs670-rs2854116-rs2854117-rs662799 were significantly higher among patients than controls (OR ¼ 
